Objectives: Patellar maltracking is the main reason for pain and disability in patellofemoral pain syndrome (PFPS). Patellar taping can considerably reduce such pain and disability. This study compared the effectiveness of physiotherapy exercises and kinesio taping on the patellar position in women with PFPS (mean age 32.2±1.12 years) by using magnetic resonance imaging (MRI).
Introduction
atellofemoral pain syndrome (PFPS) is one of the most common knee complaints, particularly among the women [1] . This syndrome is characterized by initial retro patellar pain. Although its etiology has not been clearly established, PFPS has been correlated to several factors that cause patellar malalignment, such as lateral patellar tilt, lateral glide due to imbalance of the Vastus medialis oblique and Vastus lateralize muscles [2] , rotation and posterior tilt of the inferior pole of the patella and shortening of the iliotibial tract [3, 28] . These factors enhance the quadriceps activity and lead to an imbalance in gait biomechanics and pain [4] .
Under these altered biomechanical conditions, the odd facet of the patella comes into contact with the truclear groove of the femur during the knee flexion [5] . In PFPS, the increase in the surface area of the patellofemoral joint leads to the generation of adequate disturbing forces in the knee and hence, reduces pain [6] . Mechanical displacement of the patella occurs due to certain factors, such as Vastus medialis oblique weakness, iliotibial tract shortening [3] , patellofemoral dysfunction, increased Q angle [7] , and lower extremity dysfunction such as coxa Volga, coxa Vera, femoral anteversion, and foot pronation [5] . In this study, we assessed the factors related to PFPS, which was defined as a dysfunction of the soft tissue present around the knee.
The Vastus medialis oblique seems to be the most important factor that prevents abnormal patellar tracking [8] . The treatment of PFPS, in addition to conventional treatment methods, involves a taping method introduced by McConnell. Taping leads to stretching of the shortened lateral knee compartment, improvement in the knee proprioception, correction of abnormal patellar position, and facilitation of Vastus medialis oblique function [9] . Patellar taping has been reported to correct [3] and maintain the position of the patella and reduce mechanical stress on the patellofemoral joint, resulting in facilitation of normal patellar tracking [10, 29] .
In PFPS patients, patellar taping has been shown to significantly reduce joint pain [2, 11, 12] within a short time and during activities involving dynamic postural control [13] . The mechanism underlying the pain reduction involves increased skin excitability and changes in motor unit recruitment in the muscles around the knee joint [14] , which improve muscle performance in PFPS patients. Such an improvement and the associated pain relief are related to the corrected patellar position [15] , patellofemoral joint improvement [16] , and central nervous system excitability [17] . However, some authors have reported opposite results of taping on pain [6, 18] . Furthermore, some studies have reported that patellar taping does not affect the patellofemoral congruence angle (PFCA) in PFPS [19, 20] , whereas others have reported that taping significantly improves this angle, but the effect decreases after 15 minutes of exercise [10, 21] .
There are controversies on the mechanism of taping effect on PFPS. Some of the previous radiographic studies have showed that McConnell taping has mechanically corrected the patellar position. In the case of Kinesio taping, the force applied by taping does not seem to be enough to bring a mechanical change.
On the other hand, in functional situations, muscle contraction can easily deviate patella from its position and reduce the corrective effect of kinesio taping. However, the extent to which kinesio taping would be able to correct patellar position while quadriceps muscle is contracted remains a question. In order to evaluate theses theories, this study assessed the effects of patellar taping on the patella position in the presence of quadriceps contraction in women with PFPS.
In this study, we attempted to (a) evaluate the shortterm and long-term effects of kinesio taping, (b) assess whether kinesio taping can maintain the correct patellar position in the presence of quadriceps contraction, and (c) determine the optimal combination of a patellar taping method and exercise protocol that would be more effective than using either of the method alone.
Methods
Thirty women with a mean age of 32.2±6.18 years, a one-year history of PFPS, and without any history of neurological disorders participated in the study. Subjects satisfying the inclusion criteria signed a written consent to participate in the study. Informed consent was obtained from the Knee and Osteoarthritis Outcome Score (KOOS). A visual analog scale (VAS) was used to determine the pain levels before and after the treatment.
Measurement of patella position on MRI
Magnetic resonance imaging (MRI) was used to evaluate patella tracking in a non-invasive way during relaxation and contraction of the quadriceps muscle. The MRI of the patella was performed in the Imaging center of ERFAN Hospital, Tehran. Axial plane of MRI images was performed using a coil fixed 1.5 T MRI scanners (EScan; SIEMENS, Avanto 2007, Germany). The patient lied supine on the MRI device bed. The test knee was positioned passively at 30 degrees of flexion by the examiner using the goniometer and then fixed at this position using a wedge under test knee. The other knee was placed relaxed on the MRI bed ( Figure 1 ).
Imaging was performed using an axial T1 weighted 3D isotropic profile with the following parameters: (repetition time: 400 ms; echo time: 41 ms; flip angle: 150°; image matrix: 320 m 2 ; slice thickness: 4-5 mm; interslice gap: 10% mm; field of view: 20 cm; number of signal averages: 2; Image acquisition time: 2.5 min (The patellofemoral joint was imaged by MRI in 30° knee flexion). The subjects lied supine, and a trained examiner used a goniometer to fix the patient's knee joint passively in 30° flexion ( Figure 1 ).
The other leg was positioned alongside the magnets. The patellofemoral joint of the test leg was imaged in this position after the knee taping by using the medial glide technique (taping from the lateral to the medial border of the patella) in the presence of quadriceps contraction. MRI was repeated after 10 sessions of treatment for all participants in the presence of quadriceps contraction ( Figure 1 ).
We used the most common radiographic measurements of patellar alignment, namely, lateral patellar displacement (LPD), lateral patellofemoral angle (LPFA), and PFCA. We selected the MRI slice with the largest patellar diameter as the reference image.
LPFA is the angle between a line joining the summits of the femoral condyles and a line joining the margins of the lateral facet of the patella (Figure 2.a) . LPD is the displacement of the patella, in millimeters, in the frontal plane, relative to the position of the medial femoral condyle [16] (Figure 2.b) . PFCA is the angle between the apex of the intercondylar sulcus and the lowest aspect of the patellar ridge [16] (Figure 2 .c). 
Taping procedure
With the patient in supine position, the physiotherapist placed the test knee at 30° flexion position passively by using a goniometer. Before the taping, we measured the extent to which the tape could be stretched and marked the point on the knee that corresponded to 30% of the initial tape length. The first 5 cm of the tape (unstretched) was placed over the knee; the rest part of the tape, except for the last 5 cm, was stretched to its full extent and applied to the knee using a downward pressure technique in order to correct the patellar position. After taping, we assessed the range of knee flexion and extension to ensure that the joint movements were not restricted. The kinesio tape was replaced every two days by a trained examiner (Figure 3) .
Physical exercises
The patients were taught by a physiotherapist to do the mentioned exercises correctly. They were asked to repeat each one 15 times in two intervals per day for 10 days.
Straight leg raising (SLR)
The subjects were asked to lie comfortably on a flat surface with their arms and hands by their side, and their legs lying flat (knees extended). The subjects raised one leg without bending the knee until the foot was just above their calf muscle. At this point, they tightened the quadriceps muscle of the raised leg to keep the leg straight. They then continued to slowly raise their leg to the level of their contralateral knee and then, slowly lowered it to the original position while keeping the quadriceps muscle contracted (Figure 4) .
Terminal knee extension
The subjects were asked to lie flat on their backs on the floor. A rolled up towel was placed under the test knee. The subjects then slowly straightened the test knee until that leg was no longer touching the towel. They held this position for 5 s and then brought the leg back down to the original position ( Figure 5 ).
Half-squats
To perform half-squats, the patients stood upright, with their feet placed firmly on the ground about shoulder width apart and their arms in front for maintaining the balance. Keeping the back straight, the subjects squatted down to attain the "sit on a chair" position until their thighs were parallel to the ground. They held this squatting position for 5 s and then slowly stood upright ( Figure 6 ).
Patellar mobilization
Medial glide was used to correct patellar lateralization; this involved raising the medial patellar border to correct the patellar tilt. Using a pincer grip, the subjects gently pushed their kneecaps towards their other leg, thus, raising the medial border of the patella (Figure 7 ).
Image analysis
The axial MRI images obtained from the ERFAN scan center were saved on a CD and processed with the SIGNO software. We aimed to assess the ability of kinesio taping using the medial glide technique to first medialize the patella and then improve the patellar tracking in the presence of quadriceps contraction. For this purpose, we used the most common radiographic measurements of patellar alignment, namely, LPD, LPFA, and PFCA. We selected the MRI slice with the largest patellar diameter. Summary of the participant's statistics obtained under 30° knee flexion before and after the treatment are shown in Table 1 .
The repeated-measures analysis of variance (ANO-VA) was used to test the effects of patellar taping and quadriceps contraction when changing the patella position during two sessions: 1) Immediately after taping, 2) Ten days after taping with quadriceps contracted in each group. To assess the reciprocal effects of different interventions between the groups, an independent t-test was used. An alpha level less than 0.05 was required to demonstrate a significant difference. The main factors analyzed were changes in pain, as assessed on the VAS, and the changes in PFCA, LPFA, and LPD. A paired ttest was used to compare the pain levels recorded on the VAS before and after the interventions. The pain levels decreased significantly in all groups (P=0.02) ( Table 2) .
Measurements in the contracted-quadriceps condition
• PFCA: Repeated-measures ANOVA showed that in the contracted quadriceps condition, the PFCA significantly decreased after taping in the patellar taping group alone (P<0.05).
• LPFA: It was found that LPFA in the contracted quadriceps condition significantly decreased after taping in the taping group and the taping plus exercise group (P>0.05).
• LPD: It was found that in the contracted quadriceps condition, the LPD significantly decreased after taping in the taping plus exercise group on day 10 of the treatment (P<0.05) ( Table 3) .
Results
Data were analyzed using Statistical Processing for the Social Science (Spss 16). A summary of descriptive statistics for 30• knee flexion, and 2 sessions (before and after treatment) are shown in Table 1 . Repeated measurement of ANOVA was employed to test for evaluation the effects of taping and physical exercises, together or separately, during 3 sessions in each group. To assess reciprocal effects of different interventions between groups, Independent T.test was used. Alpha level less than 0.05 was required to demonstrate a significant difference.
The main factors measured were changes in pain on visual analog scale, PFCA, LPFA, LPD. Paired T-test used to compare pain in VAS , before and after interventions ,showed decreased in pain level in all groups; however, it was significant just in taping group(P=0.02) ( Figure 5 ) In contracted quadriceps:
PFCA: Repeated measurement of ANOVA was used to compare PFCA changes in contracted quadriceps in groups. Results showed that only in taping group, immediately and 10 days after taping, PFCA decreased significantly (P<0.05) (Figure 6 ).
PFCA changes normalized in groups and comparing with one way ANOVA test revealed that PFCA changes were not significant in groups(P>0.05) LPFA: Repeated measurement of ANOVA was used to compare LPFA changes in contracted quadriceps, in groups. Results revealed that in taping and taping with physical exercise groups, during sessions, LPFA decreased significantly (P>0.05) (Figure 7 ).
LPFA normalized in groups and comparing with one way ANOVA test revealed that LPFA changes in taping and taping with physical exercise groups , during sessions, were not significant (P>0.05) LPD: Repeated measurement of ANOVA was used to compare LPD changes in contracted quadriceps, in groups. Results revealed that in taping with exercises groups, after 10 days taping, LPD decreased significantly (P<0.05).
LPD normalized in groups and comparing with one way ANOVA test, revealed that LPD changes in taping and taping with physical exercise groups , during sessions, decreased significantly (P<0.05).
Discussion
The limitations of this study included obtaining adequate financial resources for MRI and convincing the participants to pass all sessions correctly, which are sometimes very difficult. This study aimed at comparing the effects of patellar taping on the patella position in the presence of quadriceps contraction in 20 to 40-year-old women with PFPS using MRI.
Our results demonstrated that taping plus physical exercise rapidly decreased the pain and improved patellar tracking in PFPS. Our results are similar to those of some previous studies [2, 20, 25] that used the McConnell taping method. The mechanism underlying the pain reduction after taping involves an effect of taping with quadriceps contraction on the skin receptors [26, 27] , excitability of the central nervous system [17, 26] , and increased excitability of the Vastus medialis oblique [23] .
In the contracted quadriceps condition, we observed that with decreased LPFA, both LPD and PFCA decreased. These results may be explained by the effect of muscle contraction on patellar tracking, the difference in motor unit recruitment in different parts of the quadriceps, and the enhancement of the effects of taping on patellar tracking by muscle contraction.
In our study, the PFCA decreased in the contracted quadriceps condition. These results differ from those of some previous studies [19, 20] , and this difference may be related to the differences in the type of taping method used and muscle condition.
We found that muscle contraction during physical exercises decreased the LPFA and LPD in all participants in both measurement days. In the contracted quadriceps condition, taping plus physical exercise decreased the PFCA, LPFA, and LPD after 10 days of taping with quadriceps contraction. These observations may be explained by the effect of prolonged physical exercise plus taping to facilitate neuromuscular function and enhancing mechanical and neural effects of long using kinesio taping to correct the patellar tracking and help overcome forces generated by muscle action acting against the joint. A previous study has reported that kinesio taping plus exercise did not improve PFPS [26] , which contradicts with our findings. This contradiction may be related to the differences in the taping method. In spite of the similarity in the kind of taping and the procedure of patellar measurements, our measurements were obtained during quadriceps contraction in 30° knee flexion.
Most studies that evaluated the effect of patellar taping on patellar tracking have used the McConnell taping method [15, 22, 23] . This method has some limitations such as lower elasticity, the requirement of applying a pre-wrap tape under the main tape, and restriction of muscles and joint range of motion. The kinesio tape, invented by Kenzo Kase in 1996, has some benefits over the McConnell method as it is thin and elastic, does not restrict movement, and is easy to apply. Moreover, kinesio taping loads forces onto the skin, allowing full range of motion of the joints and the muscles around the joint. Patellar tracking after kinesio taping has been assessed in a previous study [24] ; however, more research is required to determine the optimal taping method.
Conclusion
In contracted muscle, results showed that taping decreased LPD &PFCA. Physical exercises, after 10 days, decreased LPD. Taping with physical exercises, leads to decreasing LPFA &LPD. Some explanation for these observations are the effect of physical exercise with taping in long period which results in facilitation of neuromuscular system, correction in patella tracking, increased joint power to overcome forces to joint which are from muscle counteraction . results showed that the addition of kinesio taping to the exercises does not improve the results in PFPS patients., which in contrary to our result, is due to taping method, evaluating patella in relaxed and contracted muscles and degree of knee flexion assessing
We suggest that further researches should use perfectly trained therapist in order to measure the patella position correctly. We also recommend that the reference position of the patella, especially borders and angles, and the methods of measuring its angles need to be described perfectly so as to decrease the errors in measurements.
